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LETTER
Reply to Guy et al.: Support for a bottleneck in the 2011 Escherichia coli O104:H4 outbreak in Germany
In our paper (1), we analyzed isolates from the Escherichia coli O104:H4 outbreaks in Germany and France in May to July 2011. We concluded that, although the German outbreak was larger, the German isolates represent a clade within the greater diversity of the French outbreak. We proposed several hypotheses to explain these findings, including that the lineage leading to the German outbreak went through a narrow bottleneck that purged diversity. Guy et al. (2) report the genomes of eight additional E. coli O104:H4 isolates sampled from the German outbreak. By focusing on the numbers of SNPs in their samples, they suggest that the German outbreak is more diverse than we reported and is similar to the French outbreak.
In fact, Guy et al.'s data (2) strongly support our conclusion that the German outbreak represents a clade within the diversity described by the French outbreak. We analyzed the raw data [kindly supplied by Guy et al. (2) ] using the same SNP-calling approach described in our previous work to allow for an accurate comparison unbiased by differences in methods (1); the analysis yields the same tree structure as that described by Guy et al. (2) , with a slightly different set of SNPs and branch lengths ( Fig. 1A and Table 1 ).
The tree shows that all the German outbreak isolates belong to a single clade with a star phylogeny, with one exception (E92/11). The star phylogeny is consistent with a single point source and population expansion. By contrast, the French outbreak isolates have branching structure, indicative of a distinct pattern of diversity.
Our conclusion is further supported by subsequent data we have obtained in collaboration with the Robert Koch Institute and Pasteur Institute, including (i) sequencing of an additional 10 outbreak isolates from Germany and seven from France ( Fig. 1B) and (ii) genotyping of 47 more isolates from the German outbreak, all of which have the SNPs that define the German outbreak clade in our original analysis (sites 1568661 and 2252380) and none of which have SNPs we identified in the French outbreak.
The sole exception among the 22 fully sequenced (Fig. 1B ) and 47 genotyped German outbreak isolates analyzed here is E92/11, which clusters with isolates from the French outbreak. This anomalous isolate may reflect an incomplete bottleneck in the German outbreak, such that contaminating bacteria survived the bottleneck at different frequencies. Alternatively, the sample [which comes from an infected individual who traveled May 7-10, 2011, in Germany, according to data provided by Guy et al. (2) ] may reflect exposure to home-grown sprouts, rather than sprouts from the farm implicated as the major source of the outbreak (3), or exposure relatively early in the outbreak (4), predating the bottleneck. Discriminating among these hypotheses requires additional epidemiological data.
We agree with Guy et al. (2) that greater sampling can enhance insight into outbreak dynamics, but note that interpretation of the resulting data requires integration of phylogenetic and epidemiological relationships. In this case, the additional data support the hypothesis of a bottleneck in the German E. coli O104:H4 outbreak. (1) using SNPs as predicted by our previously described algorithm (2) (A) and additional isolates from the German outbreak provided by the Robert Koch Institute (Germany) and from the French outbreak provided by the Pasteur Institute (France) (B). The arrow indicates the isolate E92-11, which is the only German outbreak isolate to cluster outside of the clade defined by the remainder of the German outbreak isolates. Further details are provided in the text. 
